The clinical usefulness of QRST isointegral maps (IQRST map) for detecting myocardial infarction that was complicated by intraventricular conduction disturbances was evaluated in patients with right bundle branch block (group RBBB, 64 patients) and left bundle branch block (group LBBB, 40 patients) by comparison with the normal mean IQRST map derived from 50 normal subjects. Myocardial infarction complicated the conduction disturbances in 24 of the 64 RBBB and in 18 of the 40 LBBB patients. A correlation coefficient was used for assessing the similarity of each map pattern with the normal mean IQRST map. The difference map was made by subtracting the average normal IQRST map from each abnormal IQRST map, and those differences that were less than 2 SD from the mean were retained as a significant area. The number of leads and their sum of differences were used to represent the size of the difference map. Correlation coefficients were significantly (p<0.001) smaller in patients with bundle branch block complicated by myocardial infarction than in patients with conduction disturbances not complicated by myocardial infarction. A significant area emerged in the difference map in all patients with myocardial infarction complicated by conduction disturbances. The emergence of a significant area revealed high diagnostic accuracy for detecting myocardial infarction in group RBBB (89.1%). The size of a significant area in a difference map was significantly larger in cases with complicated myocardial infarction than in cases with uncomplicated myocardial infarction in either group RBBB or group LBBB (p<0.001). The determination of the critical size of a significant area obtained by discriminant analysis improved the diagnostic accuracy of detecting complicated myocardial infarction to 98.4% and 87.5% for groups RBBB and LBBB, respectively. The IQRST map was highly useful for detecting myocardial infarction masked by intraventricular conduction disturbances. (Circulation 1989;80:542-550) In patients with myocardial infarction complicated by bundle branch block or other intraventricular conduction disturbances, the diagnostic features for detecting myocardial infarction are often hidden in the wide QRS complex.1 Even though many investigators have attempted to diagnose myocardial infarction correctly in the presence of bundle branch block, correct diagnosis is still often difficult by standard 12-lead electrocardiogram (ECG).2-7 Also, one study has attempted to diagnose myocardial infarction by the direction and magnitude of the spatial ventricular gradient derived from the vectorcardiogram.8 However, the diagnostic accuracy of this method remains unsatisfactory.8
Discriminant analysis was used to determine the diagnostic criteria for detecting complicated myocardial infarction by the parameters, nDM and .DM. Usual parametric, linear discriminant analysis was applied with nDM or SDM, which were the explanatory variables, and myocardial infarction complicated or uncomplicated, which were the discriminant items.
To increase the statistical validity, a procedure was performed in which two samples were chosen at random for each subgroup to calculate the jackknife estimates. To compare the difference of the mean values of nDM and EDM between groups, analysis of variance (one-way layout) and multiple comparisons were performed, and the null hypothesis was rejected when the p value was less than 0.05.
Results

IQRST Maps in Normal Subjects
In the normal mean IQRST map (Figure 1 ), the positive area covered most of the chest with the maximum located at V4 of the ECG and the minimum at the upper region of the sternum. The zero line in the chest ran from the right lateral chest toward the left shoulder, intersecting the V, area.
IQRST Map and IQRST Difference Map of Patients
With Right Bundle Branch Block Group RBBBN. In group RBBBN patients, the locations of the maximum and minimum of the lQRST map were nearly the same as those locations for the normal mean IQRST map, resulting in very similar map patterns ( Figure 2 ). The IORST difference map was obtained in only seven of 40 patients (17.5%).
Group RBBBMI. In the IQRST map of RBBBMI patients with anterolateral myocardial infarction (Figure 3 ), the negative area was in the upper region of the left chest and back, and the minimum was in the upper region of V4. The positive area extended to the right chest and to the lower area of the left chest and back, and the maximum was at the lower region of V,. Significant area appeared in the left precordium, and V4 was at the center in IQRST difference map.
In patients with inferoposterior myocardial infarction (Figure 4) of a significant area in the same region in the IQRST difference map ( Figure 5 ). The significant area was found in the above region in the lQRST difference map in 17 patients (77.3%). Group LBBBMI. The negative area covered the entire chest in the IQRST map in group LBBBmI patients with anterior myocardial infarction ( Figure  6 ). The minimum near V3 was remarkably smaller than normal, and the maximum was displaced toward the lower region of V6. The significant area covered a wide region in the left chest, and the center was at the V3-V5 area.
In patients with inferior infarction, the negative area in the lQRST map extended to the inferior region of the right chest and back ( Figure 7 ). The significant area was in the inferior area of the torso.
The significant area was present in all patients in the LBBBML group and was closely related to the location of myocardial infarction. It appeared in the middle of the left chest in patients with anterior infarction and in the lower portion of the chest and back in patients with inferior infarction.
Correlation Coefficient Between Normal Mean
IQRST Map and IQRST Map of Each Group
The correlation coefficient between the normal mean lQRST map and the IQRST map in group RBBBN was 0.85+±0.10 (mean±SD), and 13 patients in whom the significant area appeared in the IQRST difference The correlation coefficient for group RBBBMI was 0.24±0.36, which was significantly lower than that for group RBBBN (p<0.001). The correlation coefficient for group LBBBN was 0.71±0.14, which was slightly lower than that for group RBBBN (NS). The significant area appeared in the IQRST difference map whenever the correlation coefficient was less than 0.84%.
The correlation coefficient for group LBBBMI was 0.03±0.34, which was significantly lower than that for group LBBBN (p<0.001). The discriminant probability obtained when using these parameters was high enough for a clinical use.
Diagnostic accuracy of nDM'21 and SDM '1,350 in group LBBB was also improved compared with the diagnostic accuracy by the emergence of a significant area only, and it was high enough for a clinical use.
Because LBBB is frequently complicated by a variety of cardiac pathologic changes36,37 that are clinically obscure, values of nDM and YDM for the diagnostic criteria in group LBBB to detect coexisting myocardial infarction were larger than those in group RBBB. Parameters nDM and IDM proved to be very useful for detecting infarction in groups RBBB and LBBB, and the emergence of a significant area only was also practically useful in diagnosing an infarction in group RBBB because of its simplicity as a parameter.
The present study showed that by using IQRST maps and the variables derived from the maps (nDM and SDM), patients with myocardial infarction complicated by bundle branch block could also be diagnosed satisfactorily, although they could not be diagnosed by the QRS isointegral map.41 '42 Limitations
The diverse conditions associated with LBBB suggest that a nonspecific pathologic process may also be common to most etiologic factors. Patients in group LBBBN were quite elderly, and pathologic process due primarily to aging in these patients may mimic myocardial infarction, resulting in the appearance of significant areas in the lQRST difference map. In addition, the alteration of depolarization sequence may be greater in left bundle branch block than in right bundle branch block, and this may have a greater influence on the ventricular gradient. 43"44 The age of myocardial infarction and bundle branch block was variable in the present study groups, and this could influence the result because it has been shown experimentally to affect ventricular repolarization properties. 43 Because lQRST difference maps depend greatly on the normal mean IQRST map, the appropriate selection of normal subjects to make the latter map is important. Standard maps derived from a large number of normal subjects of different age groups, sex, and body structure45 will be needed also for a more reasonable comparison to patient populations.
The correlation coefficient is independent of the potential magnitudes of the two maps and only gives an indication of the similarities in potential distributions. More precise study regarding the similarities of absolute values of maps including surface potentials may be required.
The values of nDM and IDM derived from the present retrospective study need to be tested in a prospective study on a larger scale to confirm their validity in screening or diagnostic tests. As an alternative method, a jackknife procedure was used to increase the statistical validity of this study with a limited number of patients. The values for the jackknife estimate were almost equal to those obtained by routine statistical procedures, and statistical values shown in Tables 1 and 2 were considered to be reasonable.
Clinical Implications
When the ventricular gradient is used to detect myocardial infarction complicated by conduction disturbances, sensitivity and specificity are often unreliable because the normal range for ventricular gradient is wide46 and because diagnosis of the location of myocardial infarction is difficult by this parameter. There are also occasional false-negative findings by this method. 47 The lQRST difference map has advantages in detecting myocardial infarctions complicated by bundle branch block through its ability to detect the primary differences between normal and abnormal repolarization properties. This suggests that diagnosis of these cases could be more accurately performed if the diagnostic criteria are further refined through the prospective study on a larger scale by using a sex-matched normal control group. and ST-T potential maps of 1100 normal subjects. 
